1. Introduction {#s0005}
===============

Schizophrenia (SCZ) is a chronic debilitating neuropsychiatric illness characterized by cognitive symptom, as well as positive and negative symptoms ([@bb0070]). Cognitive impairment is acknowledged to be a core feature and reasonable treatment target for SCZ, and it contributes to social dysfunction and life outcomes of the illness ([@bb0005]; [@bb0120]). Patients with SCZ have cognitive disorders in both acute and stable phases ([@bb0035]). Cognitive deficits typically are even present before illness onset and persist throughout the course of the disorder ([@bb0025]; [@bb0055]). Moreover, it has been consistently reported that patients with SCZ exhibited cognitive decline, especially in attention, memory and executive functions ([@bb0100]; [@bb0015]). A study also demonstrated the relationship between physical performance and cognition in patients with SCZ ([@bb0075]).

SCZ patients have significant memory disorders of impaired self-initiation of elaborative encoding strategies ([@bb0060]). Prospective forgetting has been found to be one of the key cognitive impairments in individuals with SCZ ([@bb0145]). Autobiographical memories of patients with SCZ are less specific than those of healthy participants ([@bb0010]). Recent study has indicated a role for the thalamic reticular nucleus (TRN) perturbation in attention and sleep deficits in SCZ ([@bb0150]). The SCZ patients were impaired in most of the attention parameters ([@bb0095]). Impaired attention and learning functions are popular in SCZ ([@bb0030]), and sustained attention impairment is considered as a characteristic of SCZ ([@bb0065]). A previous study found that there is a strong association between cholesterol levels and cognition in SCZ and further research on the role of serum lipid metabolism in cognition might suggest new treatments for the core deficit of SCZ ([@bb0080]). Another study indicated that higher triglyceride (TG) level was associated with lower scores on vigilance/attention ([@bb0090]). Cognitive flexibility is defined as the brain processes underlying the adaptive change in behavior in response to changed contingencies in the external or internal environment ([@bb0050]). A meta-analysis confirmed that the cognitive flexibility of SCZ patients was impaired. However, their illness duration was not a risk factor ([@bb0085]).One study suggested that hypertension severity played a role in the magnitude of cognitive deficits observed in SCZ ([@bb0110]). Another study has reported that time perception (judgments of time intervals) and temporal processing are impaired in SCZ ([@bb0135]). A previous study showed that metabolic syndrome was strongly associated with cognitive impairment in SCZ throughout the course of illness ([@bb0020]). On the contrary, another study showed that treated hypertension and obesity were associated with worse global cognitive ability in bipolar disorder, with no such relationship observed in SCZ ([@bb0045]). However, the relationship between age, biomedical variables and specific cognitive subdomain performance of the patients with SCZ hasn\'t been clarified thoroughly and systematically in the previous studies even some studies generated controversial results. To fill in this research gap, we examined brain function of 99 patients with SCZ in response to a cognition task using 66nao Brain Training device ([@bb0125]; [@bb0155]; [@bb0130]) objectively. The 66nao Brain Training device assesses five separate cognitive subdomains, including memory, attention, flexibility, cognitive agility, and time perception. In this study, we speculated the SCZ patients who have specific cognitive deficits. Furthermore, we explored the relationship between age, biomedical variables and specific cognitive subdomains in patients with SCZ.

The current study aimed to further illustrate the effect of biomedical variables on cognitive performance in SCZ. Considering that these factors are modifiable, new intervention may help to improve cognition in patients with SCZ, thereby leading to improvements in cognitive function and prognosis.

2. Methods and materials {#s0010}
========================

2.1. Study participants {#s0015}
-----------------------

Data was obtained from the inpatient clinic at the Psychiatry Department of Wenzhou Kangning Hospital of Wenzhou Medical University. Ninety-nine patients with SCZ were recruited. Inclusion criteria were the 10th revision of the International Statistical Classification of Diseases and Related Health Problems (ICD-10) diagnosis of SCZ. The exclusion criteria were 1) dual diagnosis of schizophrenia, such as a developmental disability, a neurological disorder, or a substance abuse problem; 2) diagnosis of intellectual disabilities; and 3) a change in psychiatric medication or admission to in-patient psychiatric treatment within the last 30 days. The inclusion and exclusion criteria of the patient group were confirmed by retrieving information from hospital medical records. The patients had a mean age of 46.32 years (standard deviation \[SD\] D 10.60 years), with illness duration of 20.43 years (standard deviation \[SD\] D 8.83 years). All participants were right-handed. Patients were classified into two groups: normal and impaired cognition groups according to the norm scores using 66nao Brain Training device. The study was approved by the research ethics committee of Wenzhou Kangning Hospital of Wenzhou Medical University. All subjects signed an informed consent and all information was confidential.

All of the SCZ subjects underwent biomedical examinations including cognition task using 66nao Brain Training device, body mass index (BMI),waist circumference (WC), systolic blood pressure (SBP), diastolic blood pressure (DBP), fasting serum plasma levels of blood glucose (FBG), glycosylated hemoglobin (HbA1c), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and total cholesterol (TC).

2.2. Cognition task {#s0020}
-------------------

We examined brain function of 99 patients with SCZ in response to a cognition task using the 66nao Brain Training device ([www.66nao.com](http://www.66nao.com){#ir0005}). The 66nao Brain Training device assesses five separate cognitive subdomains, including memory, attention, flexibility, cognitive agility, and time perception. The dependent measures were normed total scores for each cognitive subdomain. We have norm scores of the total score and five dimensions scores (N 152,227, total score: M 40.80, SD 3.90; memory: M 7.48, SD 1.97; attention: M 6.73, SD 1.68; flexibility: M 9.91, SD 0.40; cognitive agility: M 8.44, SD 1.09; time perception: M 8.24, SD 1.97).

2.3. Clinical measurements {#s0025}
--------------------------

Various biomedical variables were measured at enrollment. Detailed medical histories, physical examinations, and various laboratory tests were obtained from medical records. WC: the patients stood with their feet 25 to 30 cm apart, and their weight was evenly distributed, waist circumference through umbilical point. BMI: we measured the patients\' weight and height to work out their BMI. Body weight was taken with patients wearing light clothing and no shoes. SBP and DBP: we measured systolic and diastolic blood pressure with sphygmomanometer. Blood samples were being collected and the following tests were being carried out: FBG, HbA1c, TG, HDL-C, LDL-C, and TC.

2.4. Statistical analysis {#s0030}
-------------------------

We analyzed the two participant groups on cognitive performance in the five tasks using 66nao Brain Training device. Subsequently, we compared the scores for each dimension between the two groups (normal and impaired cognition groups, according to the norm scores). The differences in the twelve variables of the biomedical data between normal and impaired cognition groups in various subdomains of the cognitive performance were based on Mann-Whitney *U* tests and student *t-*tests, which were mainly based on their distributions. Locally weighted regression (LOESS) models were also performed to investigate the relationships between impaired cognition and these clinical variables, respectively. Data management and all statistical analyses were performed using RStudio Version 1.0.44 (RStudio, Inc.). Significance level was set to 0.05 (*p* \< 0.05) for all analyses.

3. Results {#s0035}
==========

3.1. SCZ patients\' total score and memory {#s0040}
------------------------------------------

As shown in [Table 1](#t0005){ref-type="table"}, the patients with impaired total score would be older (*p* = 0.008) and have longer illness duration (*p* = 0.006) as compared with their counterparts. It suggested that the age and illness duration would play vital roles in cognitive control in patients with SCZ. However, we did not observed statistical differences of total score between the normal and impaired cognition patients in WC, BMI, SBP, DBP, FBG, HbA1c, TG, HDL-C, LDL-C and TC. Furthermore, SCZ patients with impaired memory would be significantly older than that of SCZ patients with normal memory, while the differences of illness duration, TG and TC between SCZ patients with or without impaired memory were marginal significant. The WC, BMI, SBP, DBP, FBG, HbA1c, HDL-C and LDL-C of the two categories of patients were quite similar.Table 1Variables associated with total score and memory in SCZ patients.Table 1VariablesNormalImpaired*p*-ValueTotal score Age (years)38.00 (28.00,48.00)49.00 (42.00,54.00)0.008 Duration (years)14.50 ± 9.2021.41 ± 8.440.006Memory Age (years)40.50 (35.00,50.00)49.00 (44.00,54.00)0.009 Duration (years)18.07 ± 9.7121.46 ± 8.300.079 TG (mmol/L)1.51 (1.11,2.27)1.28 (0.92,1.86)0.065 TC (mmol/L)4.07 ± 1.153.71 ± 0.870.087[^1]

3.2. SCZ patients\' attention and flexibility {#s0045}
---------------------------------------------

[Table 2](#t0010){ref-type="table"} indicated that only serum TG of SCZ patients with impaired attention was significantly lower than that of patients with normal attention. No significant differences between the two kinds of SCZ patients were observed in the present study, while SCZ patients with impaired flexibility had significant longer illness duration as compared to those with normal flexibility. Marginal differences of age and TG between normal and impaired flexibility were also detected. Other variables including WC, SBP, DBP, FBG, HbA1c, LDL-C and TC were quite comparable in SCZ patients with or without normal attention as well as flexibility.Table 2Variables associated with attention and flexibility in SCZ patients.Table 2VariablesNormalImpaired*p*-ValueAttention Age (years)48.00 (38.00,54.00)48.50 (42.50,52.50)0.621 Duration (years)20.55 ± 8.9620.14 ± 8.680.838 TG (mmol/L)1.45 (1.06,2.04)1.03 (0.76,1.41)0.003 HDL-C (mmol/L)1.08 (0.93,1.37)1.17 (0.98,1.39)0.460Flexibility Age (years)44.00 (34.00,54.00)48.00 (41.00,54.00)0.112 Duration (years)16.85 ± 8.3421.71 ± 8.710.015 TG (mmol/L)1.68 (1.18,1.90)1.28 (0.94,1.83)0.056[^2]

3.3. SCZ patients\' cognitive agility and time perception {#s0050}
---------------------------------------------------------

It was detected that SCZ patients with abnormal cognitive agility were likely to be older, and had longer illness duration and higher systolic blood pressure compared with those with normal cognitive agility. Moreover, the age, illness duration and systolic blood pressure in patients with impaired time perception were marginally different from those with normal time perception. Variables such as WC, BMI, DBP, FBG, HbA1c, TG, HDL-C, LDL-C and TC were all comparable in participants with or without normal agility as well as time perception ([Table 3](#t0015){ref-type="table"}).Table 3Variables associated with cognitive agility and time perception in SCZ patients.Table 3VariablesNormalImpaired*p*-ValueCognitive agility Age (years)30.00 (24.50,42.50)49.00 (42.00,54.00)0.001 Duration (years)13.42 ± 8.1821.42 ± 8.570.003 SBP (mm Hg)114.33 ± 10.65122.37 ± 12.340.034Time perception Age (years)44.50 (34.00,54.00)49.00 (41.50,54.00)0.160 Duration (years)17.18 ± 8.8421.38 ± 8.730.050 SBP (mm Hg)125.36 ± 9.64120.24 ± 12.890.087[^3]

3.4. Impaired cognition and the biomedical variables {#s0055}
----------------------------------------------------

In this study, we also investigated the relationships between the 5 domains of impaired cognition and some clinical variables including age, disease duration, TG, SBP, DBP as well as TC. First, we observed that elevated age and longer duration were significantly associated with the increased odds of impaired cognition (Supplemental Fig. 1). Meanwhile, the likelihood of impaired cognition was also significantly related to elder people (Supplemental Fig. 2). In addition, the presence of impaired subdomain cognition of memory, attention and flexibility were separately associated with lower TG (Supplemental Figs. 2--4). Furthermore, we also detected that the likelihood of impaired subdomain cognition of cognitive agility was positively associated with higher SBP, elevated age and longer duration (Supplemental Fig. 5). Lastly, the presence of impaired subdomain cognition of time perception was also observed to be obviously associated with longer disease duration (Supplemental Fig. 6).

3.5. Relationships between total score and the 5 domains {#s0060}
--------------------------------------------------------

As shown in [Table 4](#t0020){ref-type="table"}, the average elevated total score (95% confidence interval, 95% CI) with per standard deviation increase of memory score, attention score, flexibility scores, cognitive agility scores and time perception scores were 15.7 (12.5,19.0), 17.4 (12.8,22.0), 15.5 (11.1,20.0), 18.2 (12.8,23.7) and 10.0 (7.6,12.3), respectively. All the five domains were significantly and positively related to the total score of impaired cognition.Table 4Relationships between the total score and 5 domains.Table 4DomainsUnadjustedAdjustedβ (95% CI)SE*p*β (95% CI)SE*p*Memory score16.6 (13.4,19.7)1.6\<0.00115.7 (12.5,19.0)1.6\<0.001Attention score17.8 (12.9,22.7)2.5\<0.00117.4 (12.8,22.0)2.3\<0.001Flexibility score16.7 (12.3,21.2)2.2\<0.00115.5 (11.1,20.0)2.2\<0.001Cognitive agility score19.5 (14.4,24.5)2.5\<0.00118.2 (12.8,23.7)2.7\<0.001Time perception score10.4 (7.9,12.8)1.2\<0.00110.0 (7.6,12.3)1.2\<0.001[^4][^5]

4. Discussion {#s0065}
=============

SCZ is a neurodevelopmental disorder associated with a wide range of cognitive dysfunction, including deficits in attention, learning and memory, speed of processing, executive functioning, and problem solving that are present early in the course of disease and are more enduring than psychotic symptoms ([@bb0015]). There are total cognition and 5 cognitive subdomains assessed by 66nao Brain Training device in this study: memory, attention, flexibility, cognitive agility, and time perception subdomains. Our study shows that the patents with SCZ have various degrees of cognitive deficits, and age and illness duration play key roles in total cognitive control.

Our findings indicate that SCZ patients have different degree of memory difficulties and the age of impaired memory patients with SCZ was significantly older than those of normal memory. Our findings support that the decline in serum TG concentration is associated with the attention impairment of SCZ. Contrary to the two previous studies ([@bb0080]; [@bb0090]), our study indicates that the serum TG of SCZ patients with impaired attention is significantly lower than that of patients with normal attention, while serum cholesterol does not differ significantly.

A meta-analysis confirmed SCZ patients\' illness duration was not a risk factor of the cognitive flexibility impairment ([@bb0085]). However our data suggest that illness duration is significantly associated with flexibility. The previous report has suggested that higher pulse pressure predicted the generalized cognitive deficit in SCZ, which confirms the role of metabolic abnormalities in the generalized cognitive deficit in SCZ, and treatment of hypertension might be a novel adjunctive therapy target for remediating cognitive deficits in SCZ ([@bb0110]). Our study indicates that SCZ with impaired cognitive agility performs in significantly older age, longer illness duration, and higher SBP than those with normal cognitive agility.

Clinical evidence associated with biological, psychopathological, and cognitive theories strongly suggests that patients with SCZ have a deficit in time perception ([@bb0105]), which positive symptoms of SCZ may be related to ([@bb0140]). We also found that the age, illness duration and systolic blood pressure in patients with impaired time perception are marginally different from those of subjects with normal time perception.

As is known to all, one side effect of the drug of the SCZ is obesity, thereby affects the blood glucose. Previous study has shown that the effect of hyperglycemia on SCZ severity might be relevant, particularly longitudinal studies evaluating negative symptomatology and cognitive function ([@bb0115]). However, another study suggested blood glucose and abdominal obesity did not predict cognitive performance ([@bb0110]), the other study also suggested that impaired glucose tolerance (IGT) patients showed greater frequency in first-episode, drug-naïve SCZ and minimal association with cognitive impairment during the early course of the disorder ([@bb0040]). Our study shows that there is no effect of FBG and HbA1c on the SCZ patients\' cognitive performances.

This study has several limitations. First, the sample size is small, that may lead to some bias in the statistical analysis, a larger sample is needed in further study. Second, the patients with various procedure of the SCZ were recruited for this study, therefore the study conclusions may not be generalized to the first-episode SCZ population. Third, we didn\'t have enough subtypes of SCZ. Finally, the positive and negative syndrome scale (PANSS) hasn\'t been collected. Such research should be performed in the future.

In conclusion, our study focused on the cognitive functioning impairments. In addition, age, illness duration, TG, and SBP might play vital roles in total and various subdomains of the cognitive deficits respectively in patients with SCZ. Future studies with a larger sample size and subtypes of the SCZ are needed. In summary, we have found that age and biomedical variables could affect the cognitive performance in patients with SCZ.
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[^1]: Data were presented with mean ± standard deviation (SD) when they met normal or similar normal distribution and student *t-*tests were performed to assess the differences between two groups. Otherwise, they were described as median (1st quartile, 3rd quartile) and Mann-Whitney *U* tests were applied to compare the differences between the two groups.

[^2]: Data were presented with mean ± standard deviation (SD) when they met normal or similar normal distribution and student *t-*tests were performed to assess the differences between two groups. Otherwise, they were described as median (1st quartile, 3rd quartile) and Mann-Whitney *U* tests were applied to compare the differences between the two groups.

[^3]: Data were presented with mean ± standard deviation (SD) when they met normal or similar normal distribution and student *t-*tests were performed to assess the differences between two groups. Otherwise, they were described as median (1st quartile, 3rd quartile) and Mann-Whitney *U* tests were applied to compare the differences between the two groups.

[^4]: The relationship between the total score and per standard deviation (SD) increase of the 5 domains were assessed by multivariable generalized linear regression models.

[^5]: Adjuated for age and duration.
